Biological Databases for Plant Research
Biology has undergone several rounds of transformation in terms of the research paradigms it has operated, ranging from theoretical to experimental, in the pursuit of discovering new molecular mechanisms that regulate biological form and function. In the decades to come, it will take on another transformation to understand the modes of action of biological processes at the organismal level, where computational models of systems-wide properties could serve as the basis for prediction of biological behavior, leading to new experimentation and discovery. For this transformation to occur, it is essential to facilitate and enhance the processing, integration, and interpretation of the massive amounts of biological data by the life science research community. Databases have been a standard way of managing and processing large amounts of information in diverse arenas, including academic disciplines, industry, and government sectors, for many years. The use of database technologies has drawn the attention of a subset of the biological community, but its use has been limited to a small sector of the community-mainly those involved in the organization and distribution of data resources. While these resources are perused by a great number of the research community, the majority of these users are relatively unaware of the initiatives undertaken to acquire, curate, and enhance the content of these databases in service to the wider research community. This can both limit the uses of these data to its maximal capacity as well as lead to misuse of the data. In addition, more and more experimental biologists are generating data on a large scale and are in need of developing and managing databases of their own.
The motivation of organizing this focus is severalfold: (1) to demystify how the major database resources relevant for plant research today acquire, process, and make available their data, what the current limitations and caveats are of these resources, and what the future directions of these resources are; (2) to bring forward the general issues of databases and data management today to the larger plant research community; (3) to engage the general readership of Plant Physiology in thinking about large datasets and how to apply them to their research problems; and (4) to encourage researchers in the use and development of databases to further their research goals. This focus issue will be published over three issues: the current May issue, July issue, and August issue. The articles that will be featured in the focus issue represent some the major database resources available today and serve to introduce this topic to the general readership of this journal. However, by no means do they complete the picture of the diversity of database resources that are currently available. To accommodate the ongoing research in the generation of large datasets and development of biological databases, Plant Physiology's Bioinformatics section will have a subsection called Plant Databases starting September 2005.
There are three main types of biological databases that have been established and are being developedlarge-scale public repositories, community-specific database resources, and project-specific databasesalthough the lines among these categories are becoming less clear. Large-scale public repositories are usually developed and maintained by government agencies or international consortia. Examples include GenBank (July Issue, 2005) , which is an international nucleotide sequence repository developed and maintained as a collaboration between the National Center for Biotechnology Institute in the United States, EMBL in Europe, and DDBJ in Japan. Other examples include UniProt (Schneider et al., 2005) that stores protein data and ArrayExpress (July Issue, 2005 ) that stores microarray data. There are a number of community-specific database resources, a key example being model organism databases that cater to researchers focused on specific model species such as maize (Zea mays; Lawrence et al., 2005) , Medicago (Cannon et al., 2005) , rice (Oryza sativa; July Issue, 2005), and Arabidopsis (Arabidopsis thaliana; August Issue, 2005) . The concept of communityspecific databases is subject to change as researchers are widening their scope of research. For example, the explosion of available sequence data from many organisms has enabled researchers to more readily compare sequences of interest from many different species in combination with a number of model organism databases (July Issue, 2005) . In addition to databases focused on a single species, databases that deal with taxonomically related species have emerged recently, which include databases for cereals (July Issue, 2005) , grains (August Issue, 2005) , and night shades (August Issue, 2005) . Other examples of community-specific databases include those that are focused on specific classes of data, such as metabolism (Zhang et al., 2005) , genome annotation (Yuan et al., 2005; July Issue, 2005) , orthologous relationships (Horan et al., 2005) , and germplasms (August Issue, 2005 These databases have been and are being developed fairly independently, and there is a general lack of good documentation on the rationale of the design and implementation and community-wide standards for operation in annotation and data exchange. Part of this problem comes from the lack of recognition of this work as a legitimate scientific endeavor. Most of the databases described above are public efforts carried out by biologists and software developers in academic settings, and more effort to share their development experiences via conferences and publications would help alleviate the problem. The majority of papers on databases describe mostly the content and user functionality available from the databases and their attendant query interfaces, and offer little information on the design and implementation of the software. Also, there is no standard in making database software and schema available. This is a particularly acute problem for emerging data types, such as those resulting from metabolite profiling experiments. Recently, standards in data description and exchange for plant metabolomics have been proposed , and a computer-readable data model has been developed (Jenkins et al., 2004) . In this issue, specification and example implementation of metabolite profiling data acquisition applications using the proposed standard are described (Jenkins et al., 2005) . Another example of emerging standards lies in the development of controlled vocabulary terms for annotation of molecular functions associated with genes and proteins, as developed by the Gene Ontology Consortium (July Issue, 2005) .
Another key problem in this field is the limited ability to access and usefully integrate data from these myriad of databases in a seamless manner. The increasing number and types of databases and software applications make it more and more difficult for researchers to find out where to go for what information. In addition, the different ways in which data are presented and made accessible for many of these databases create an additional burden on researchers who seek to apply the available resources to their research. Emerging technologies to solve these problems have been proposed, such as the BioMOBY initiative (Wilkinson et al., 2005) . In addition, the National Human Genome Research Institute has funded a collaborative project called the Generic Model Organism Database (www.gmod.org) to promote the development and sharing of software, schemas, and standard operation procedures. The project's major aim is to build a generic organism database toolkit to allow researchers to set up a genome database ''off the shelf.'' Currently, version 1 of the toolkit has been deployed, which includes a database schema (CHADO) for the organization of genome sequence, software to browse the genome sequence and annotation (GBROWSE), and a genome sequence annotation editor (APOLLO). This project also encourages curators of model organism databases to meet on a regular basis to discuss issues of curation. This, in conjunction with sponsorship from the Genetics Society of America, has recently culminated in the organization of a first international biological database curators meeting to be held at Asilomar in December 2005 (www.biocurator.org). It is hoped that these initial interactions and communications will continue and become a seed for establishing a sense of scientific community among all types of biological database projects.
It is clear that biological research is in an ongoing state of transition, where novel methods, technologies, and implementations will increasingly be deployed in the pursuit of an enhanced mechanistic understanding of biological systems. One of the most difficult hurdles to overcome in deploying new technologies and reaching new goals is the training and retraining of biologists to adapt to changing needs and environments. Social engineering and technology application will always occur more slowly than technological engineering. It is our hope that this focus issue and the ensuing Plant Databases section in this journal will contribute to the promotion of the social and technological engineering needed to help transition the plant research community to an enhanced awareness and application of database resources in support of its scientific endeavors.
